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Department  of  Defense  Physician-Scientist  Award 
Universal  Breast  Cancer  Antigens  as  Targets  Linking  Early  Detection  and  Therapeutic 

Vaccination 

Susan  M,  Domchek,  MD 

October  8,  2006 

SPECIFIC  AIMS  OF  THE  PROJECT 

1.  Evaluation  of  molecular  markers  in  ductal  lavage  fluid  from  BRCAl  and  BRCA2 
mutation  carriers 

2,  Determine  the  safety  and  feasihility  of  vaccinating  advanced  hreast  cancer  patients 
with  hTERT  peptide,  assessing  the  generation  of  hTERT-specific  immunity.  Explore  the 
role  of  intravenous  cyclophosphamide  prior  to  hTERT  vaccination  in  boosting  vaccine 
response  hy  depleting  regulatory  T  cells, 

A,  INTRODUCTION 

This  grant  supports  studies  to  understand  the  potential  of  universal  tumor  antigens  for  caneer 
immunotherapy,  with  a  partieular  foeus  on  the  eharaeterization  of  the  human  telomerase 
reverse  transeriptase  (hTERT)  as  tumor  antigen.  Telomerase  is  expressed  by  >90%  of  all 
human  breast  eaneers  but  absent  in  most  normal  eells.  Telomerase  funetion  has  been  direetly 
linked  to  oneogenesis  and  its  inhibition  in  telomerase-positive  human  tumors  leads  to  growth 
arrest. 

Following  a  series  of  published  in  vitro  preelinieal  experiments,  we  are  now  testing  the 
hypothesis  of  telomerase  as  a  tumor  rejeetion  antigen  in  vivo  in  humans.  After  our  past  work 
in  eompleting  the  dose  esealation  portion  of  the  hTERT  vaeeine  trial,  as  well  as  enrolling 
additional  patients  on  the  optimal  dose  level,  this  year  we  proeeeded  with  work  evaluating 
intravenous  eyelophosphamide  prior  to  hTERT  vaceination  in  an  attempt  to  boost  vaeeine 
response  by  depleting  regulatory  T  eells.  Funding  has  been  obtained  to  eontinue  this  work 
beyond  the  end  of  the  Department  of  Defense  grant. 


B,  BODY 

Aim  1:  Evaluation  of  molecular  markers  in  ductal  lavage  fluid  from  BRCAl  and 
BRCA2  mutation  carriers 

Increasing  data  have  demonstrated  significant  limitations  regarding  ductal  lavage,  particularly 
in  BRCAl/2  mutation  carriers.  Data  by  several  groups  have  demonstrated  that  fluid  yielding 
ducts  are  much  less  common  in  women  following  oophorectomy  or  taking  selective  estrogen 
receptor  modulations  (SERMS),  situations  which  apply  to  the  majority  oi BRCAl  and  BRCA2 
mutation  carriers.  In  addition,  the  cellular  yield  of  non-fluid  yielding  ducts  is  significantly 
lower  than  in  fluid  yielding  ducts.  Finally,  ductal  lavage  has  a  low  sensitivity  for  the  detection 
of  malignancy  as  examined  by  ductal  lavage  prior  to  mastectomy  for  known  cancers.  As  the 


4 


Smajority  of  our  B RCA  1/2  carriers  have  had  oophoreetomy,  it  is  our  opinion  that  the  value  of 
duetal  lavage  is  quite  limited  and  the  approaeh  not  feasible.  Therefore,  we  examined  the  value 
of  oophoreetomy  on  mortality  in  BRCAl/2  mutation  carriers.  We  felt  that  this  was  a  mueh 
better  use  of  DOD  resourees. 

In  the  primary  analysis  of  this  study,  whieh  was  published  in  Laneet  Oneology,  we  examined 
426  women  unaffeeted  with  either  breast  or  ovarian  eaneer  at  the  start  of  study  entry.  Study 
partieipants  who  ehoose  to  undergo  oophoreetomy  were  age-matehed  to  those  who  did  not.  At 
a  median  follow-up  of  2-3  years,  PO  led  to  a  risk  reduetion  for  breast  eaneer  (HR  0.36,  0.20- 
0.67)  and  ovarian  eaneer  (HR  0.11,  0.03-0.47)  eonsistent  with  prior  reports.  In  addition,  a 
reduetion  in  breast  eaneer  speeifie  mortality  (HR  0.10,  0.02-0.71),  ovarian  eaneer  speeifie 
mortality  (HR  0.05,  0.01-0.46)  and  overall  mortality  (HR  0.24,  0.08-0.71)  were  also  seen. 
Median  follow-up  time  in  this  study  is  short,  and  the  sample  size  still  relatively  small. 
Despite  the  limitations,  these  data  provide  further  evidenee  that  PO  in  BRCAl/2  mutation 
earriers  is  of  benefit. 


Aim  2:  Determine  the  safety  and  feasibility  of  vaccinating  advanced  breast  cancer 
patients  with  hTERT  peptide,  assessing  the  generation  of  hTERT-specific  immunity. 
Explore  the  role  of  intravenous  cyclophosphamide  prior  to  hTERT  vaccination  in 
boosting  vaccine  response  by  depleting  regulatory  T  cells. 

We  have  vaceinated  17  HLA-A2-I-  women  with  metastatic  breast  eaneer  subeutaneously  with 
various  doses  of  hTERT  1540  peptide  emulsified  in  Montanide  adjuvant  and  administered 
with  granuloeyte  maerophage  eolony-stimulating  factor  (GM-CSF)  for  up  to  eight 
vaccinations.  Based  on  in  vitro  analyses  performed  on  peripheral  blood  obtained  before  and 
after  vaccination,  11  of  17  patients  were  found  to  have  responded  immunologically  to  the 
vaccine.  For  immunological  responders  after  vaccination,  clear  populations  of  hTERT 
tetramer-l-  CD8+  T  eells  were  identified  following  a  single  round  of  in  vitro  peptide 
stimulation  (median  percentage  of  tetramer-H  CD8+  T  cells  was  0.98%,  compared  to  <0.10% 
of  sueh  eells  at  baseline  in  these  patients  or  in  immunological  non-responders  at  any  time 
point).  T  cells  were  speeifie  for  hTERT  peptide  and  reeognized  telomerase-positive,  HEA- 
A2-I-  (but  not  HEA-A2-negative)  carcinoma  cells,  as  shown  by  IFN-gamma  produetion  and 
cytotoxicity  assays.  For  three  patients  undergoing  tumor  biopsy,  hTERT-specific  CD8+  tumor 
infiltrating  lymphocytes  (TIL)  were  observed  by  tetramer  analysis  after,  but  not  before, 
vaccination,  measuring  >5%  tetramer-l-  cells  among  CD8-I-  T  eells.  In  two  patients,  TILs  were 
assoeiated  with  marked  tumor  neerosis.  The  most  eommon  adverse  events  were  Grade  1-2 
injection  site  reactions  and  a  syndrome  of  tumor  pain  or  tumor-site  pruritis  after  vaecination. 

By  a  landmark  survival  analysis,  we  investigated  the  assoeiation  of  the  induction  of  hTERT- 
specific  GTE  in  peripheral  blood  and  survival.  For  14  patients  who  received  at  least  four 
vaccines,  the  landmark  was  defined  as  the  immune  response  status  after  the  fourth  vaeeination 
(median  on  study  day  70,  range  55-78).  The  median  survival  among  six  non-responders  was 
12.6  months  (95%  Cl  =  6.0-19.2  months)  whereas  the  median  survival  of  eight  immunological 
responders  has  not  yet  been  reaehed  at  a  median  follow-up  of  15.7  months  (range  0.9^  to  22.3^ 
months).  No  other  elinical  parameter  we  investigated  in  this  way  eorrelates  with  survival, 
including  age,  hormone  status,  her2/neu  status,  prior  treatment,  or  time  since  initial  diagnosis. 
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Moreover,  we  also  used  tetramer  analysis  to  track  responses  to  the  CMV  control  peptide  in 
the  vaccine.  We  found  that  by  landmark  analysis  there  was  no  correlation  between  overall 
survival  and  CMV  response  1  month  after  the  fourth  vaccination. 

These  results  suggest  that  telomerase  vaccination  of  patients  with  metastatic  breast  cancer 
induces  hTERT-specific  T  cells  that  may  impact  overall  survival.  Interestingly,  the  primary 
immune  assay  used  as  the  endpoint  in  this  survival  analysis  was  tetramer  labeling. 

This  year  we  have  treated  5  patients  with  intravenous  cyclophosphamide  prior  to  the 
administration  of  hTERT  vaccine  to  assess  whether  such  an  intervention  might  enhance 
immune  response.  Preliminary  data  does  not  support  this  hypothesis,  although  detailed 
immunological  assessments  are  underway. 


KEY  RESEARCH  ACCOMPLISHMENTS 

1 .  Completion  of  optimal  dose  portion  of  protocol  UPCC  11102 

2.  Completion  of  landmark  analysis  for  patients  undergoing  on  UPCC  11102  demonstrating 
a  correlation  of  survival  in  immune  responders  to  hTERT. 

3.  Selected  for  oral  presentation  at  the  American  Association  of  Clinical  Research  annual 
meeting  in  2006  entitled:  “Telomerase  vaccination  of  metastatic  breast  cancer  patients  induces 
antigen-specific  tumor  infiltrating  lymphocytes  and  tumor  necrosis” 

4.  Eour  patients  treated  with  intravenous  cyclophosphamide  as  an  immune  modulator  prior 
to  hTERT  vaccination 


REPORTABLE  OUTCOMES: 

A.  Publications  During  This  Funding  Period  (2005-2006) 

1.  Danet-Desnoyers  GA,  Euongo  JE,  Bonnet  DA,  Domchek  SM,  Vonderheide  RH: 
Telomerase  vaccination  has  no  detectable  effect  on  SCID-repopulating  and  colony-forming 
activities  in  the  bone  marrow  of  cancer  patients.  Experimental  Hematology  Vol.  33:  1275-80, 
2005. 

2.  Halbert  C,  Brewster  K,  Collier  A,  Smith  C,  Kessler  E,  Weathers  B,  Stopfer  J,  Domchek 
S,  and  Wiley  EP:  Recruiting  African  American  Women  to  Participate  in  Hereditary  Breast 
Cancer  Research.  Journal  of  Clinical  Oncology  Vol.  23:  7957-73,  2005. 

3.  Rebbeck  TR,  Eriebel  R,  Wagner  R,  Eynch  HT,  Garber  JE,  Daly  MB,  Isaacs  C,  Olopade 
O,  Neuhausen  SE,  Van't  Veer  E,  Eeles  R,  Evans  E,  Tomlinson  G,  Matloff  E,  Narod  SA,  Eisen 
A,  Domchek  S,  Armstrong  K,  Weber  BE:  Effect  of  short  term  hormone  replacement  therapy 
on  breast  cancer  risk  reduction  after  bilateral  prophylactic  oophorectomy  in  BRCAl  and 
BRCA2  mutation  carriers.  Journal  of  Clinical  Oncology  Vol.  23:  7804-10,  2005. 

4.  Domchek  SM  and  Weber  BE.  Guidelines  for  genetic  counseling,  testing  and  referral  in 
North  America.  Chapter  in  Risk  Assessment  and  Management  in  Cancer  Genetics.  Eds.  Ealloo 
E,  Kerr  B,  Eriedman  JM,  Evans  DGR.  2005. 
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75.  Stopfer  JE  and  Domchek  SM:  Commentary:  Clinieal  Management  of  BRCAl/2  mutation 
earriers.  Oncology  Vol.  19:  1462-5,  2005. 

6.  Domchek  SM,  Stopfer  JE,  Rebbeck  TR  :  Bilateral  risk-reducing  oophorectomy  in 
BRCAl  and  BRCA2  mutation  carriers.  J  Natl  Comp  Can  Netw  Vol.  4:  177-182,  2006. 

7.  Domchek  SM,  Armstrong  K,  Weber  BE:  Clinical  Management  of  BRCAl  and  BRCA2 
mutation  carriers.  Nature  Clinical  Practice  Oncology  Vol.  3:  2-3,  2006. 

8.  Charles  S,  Kessler  E,  Stopfer  J,  Domchek  S,  Halbert  C:  Satisfaction  with  Genetic 
Counseling  for  BRCAl  and  BRCA2  Mutations  among  African  American  Women.  Patient 
Education  and  Counseling  March  2006. 

9.  Kessler  L,  Domchek  S,  Stopfer  J,  Halbert  C:  BRCAl  and  BRCA2  Risk  Perceptions 
among  African  American  Women  at  Increased  Risk  for  Hereditary  Breast-Ovarian  Cancer. 
Community  Genetics  March  2006. 

10.  Domchek  SM,  Eriebel  R,  Neuhausen  SE,  Wagner  R,  Evans  G,  Isaacs  C,  Garber  JE,  Daly 
MB,  Eeles  R,  Matloff  E,  Tomlinson  G,  Van't  Beer  L,  Eynch  HT,  Olopade  01,  Narod  SA, 
Weber  BE,  Rebbeck  TR.  :  Reduction  in  short-term  mortality  after  bilateral  prophylactic 
oophorectomy  in  BRCAl  and  BRCA2  mutation  carriers.  Eancet  Oncology  7(3):  223-9,  2006. 

11.  Hughes  Halbert  C,  Kessler  E,  Stopfer  J,  Domchek  S,  Wileyto  EP:  Eow  rates  of 
acceptance  of  BRCAl  and  BRCA2  test  results  among  African  American  women  at  increased 
risk  of  hereditary  breast-ovarian  cancer.  Genetics  in  Medicine  Vol.  in  press,  2006. 

12.  Brooks  GA,  Stopfer  JE,  Erlichman  J,  Davidson  R,  Nathanson  KE,  Domchek  SM: 
Childhood  cancer  in  families  with  and  without  BRCAl  or  BRCA2  mutations  ascertained  at  a 
high-risk  breast  cancer  clinic.  Cancer  Biology  and  Therapy  Vol.  in  press,  2006. 

13.  Domchek  SM  and  Weber  BE:  Clinical  management  of  BRCAl  and  BRCA2  mutations 
carriers.  Oncogene  Vol.  in  press,  2006. 


B,  Abstracts 

1.  Domchek  SM,  Eox  KR,  Recio  A,  Schuchter  EM,  Davidson  R,  DeMichele  A,  Eeldman 
MD,  Vonderheide  RH.  “Immunological  and  clinical  outcomes  following  telomerase  peptide 
vaccination  in  patients  with  metastatic  breast  cancer”  Oral  Presentaion,  AACR,  Washington 
DC,  2006 


C.  Funding 

Dr.  Domchek  is  a  co-investigator  on  a  ROl  which  was  funded  this  year.  This  grant  permits 
the  evaluation  of  1540  peptide  vaccination  in  combination  with  anti-CD25  mAh  in  a  further 
attempt  to  boost  immune  response  by  depleting  regulatory  T  cells.  The  principle  investigator 
on  the  grant  is  Dr.  Robert  Vonderheide,  and  the  grant  number  is  Rol  CAl  1 1377-01 Al.  Dr. 
Domchek  will  be  the  principle  investigator  on  the  clinical  trial  which  will  be  part  of  the  grant. 
In  addition.  Dr.  Domchek  is  the  clinical  PI  of  a  project  entitled,  “Telomerase  Immunotherapy 
in  Breast  Cancer”  submitted  as  part  of  a  PENN/Eox  Chase  Cancer  Center  SPORE  application. 
Dr.  Domchek’s  work  in  breast  cancer  genetics  has  resulted  in  a  Cancer  Genetics  Network 
Contract  through  the  National  Cancer  Institute  as  the  University  of  Pennsylvania  site  PI. 
Einally,  Dr.  Domchek  is  the  lead  clinical  investigator  on  two  ROl’s  led  by  Dr.  Timothy 
Rebbeck  (ROl  CA102776  and  ROl  CA083855).  The  first  of  these  grants  is  examining  the 
impact  of  prophylactic  surgery  on  BRCAl/2  mutation  carriers,  with  particular  attention  to 
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tumor  phenotype  as  well  as  interaction  with  hormonal  therapy  use.  The  second  study  is 
focused  on  modifier  genes  in  BRCAl/2  mutation  carriers. 


CONCLUSIONS 

Data  thus  far  from  our  current  trial  suggest  that  telomerase  peptide  vaccination  is  biologically 
active  and  leads  to  in  vivo  immune  recognition  of  carcinoma  by  effector  lymphocytes  and 
tumor  necrosis.  This  has  great  potential  for  biological  therapy  of  breast  cancer  and  required 
further  exploration.  If  hTERT  expression  can  be  found  in  women  at  high  risk  for  breast 
cancer,  this  may  represent  a  marker  to  be  used  to  target  candidates  for  vaccination  in  the 
future. 


REFERENCES  (See  “Publications"  in  “Reportable  Outcomes") 

APPENDICES 

1 .  Domchek  CV 
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